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PHOSPHonus I N BEEF ANIMALS. 

By 

Charles Kenworthy Francis. 

Introduction. 

!his study constitutes but a part of the results obtained from the 

experiment "Uses to Which the Animal ">uts Its Food" now being conducted 

by the 'University ot Missouri, an4 considers the , quantity and to some ex-

tent the character of the phosphorus contained in the organs, tissues, etc., 

ot beef animals. 

The . investigation is similar to that of Laws and Gilbert ff "A knowledge 

#Phil. Trans. part II. 1859. 
Composition o£ Animals, Rothamsted Exp. sta. 1858 • 

. of the quantitative relation of the organs or parts, and of t he ulti~te 

and proximate composition of animal bodies, is of great interest in many 

points of view. Especially is a knowledge of the general composition of 

animals slaughtered as human food of great importance in t he application 

of ohemistry and physiology to dietics. To the farmer, too, who is en-

gaged in producing animal food for consumption ------- it is very desirable 

to know something of the chemical relations of the substances so produced 

and sold, to the oonstituents expended in producing it. In other words, 
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he should possess some data for determining -- what is the probable propor-

tion of the consumed food, or of its several const! tuents, which he recovers 

in the form of meat? How much he may calculate as manure and how much as 

expendi ture or loss by the feeding process." 

~~ investigators quoted above published their conclusions over half 

a century ago, and added another contribution later * but did not have &0-

#Phil. Trans. 865 (1883). 

cess to 'modern apparatus or methods. 

The most recent work in this s~~e field has had for its chief object 

the perfection of analytical methods. Especially prominent in this respect 

have been the researches of Zaleski, (1) Hart and Andrews, (2) I~ch and 

Woods, (3) Ivanhoff, (4) Schulze and Castoro, (5) and Emmett and Grindley (6). 

(1). Bar. bot. Ges., 20, 426 (1902). 
(2)'. Am. Ch. Jr., 30, 470 (1903). 
(3). Jr. 3iol. Chern. I. Nos. 2 & 3 (1906). 
(4). Bor. bot. Ges., 20, 366 (1902). 
(5). Z. phys. Chern., 41, 477 (1903). 
(6). Jr. Am. Ch. Soc., 28, 25 (1906). Jr. Ind. & Eng. Chern. I. Nos. 

7 & 6 (1909). 

Hart, McCUllum and Fuller =If working with pigs, have shown the role of 

HAm. Jr. ~ys., 23, 246 (1909). 

inorganiC phosphorus nutrition. ?orbes # has demonstrated that the tender-

, #Bul. 81, Mo. Exp. sta. 
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loin of the pig contains 0.195% to 0.352% phosphorus. Emmett and Grindley f' 

4.~Jr. Am. Chern. Soo.28, 25 (1906) also Ibid 26, 1086 (1904); 27, 658 . 
(1905). 

olaim that one-fourth of the total phosphorus in beef is in the soluble or-

ganio form and that different methods of oooking meat give produots whioh 

differ as·t~ the quantities and the nature of the phosphorus oontents. The 

same investigators show the oomposition of several cuts from beef animals. 

From unpublished data obtained in this laboratory it appears that raw 

meat contains fully 75 per oent of its total phosphorus in the organic 

form, and ttiat the cooking of meat changes the organic phosphorus to an 

inorganic form depending in extent upon the temperature at vlhich the meat 

is oOOlted. Proescher and Abderhalden f demonstrated the relationship bet-

4f-zts. f. physiol. chern. 24, 285. 

ween the composition of milk of different species and the ti~e required to 

double the weicht of their young according to the following table. f 

Table I. 
• • Days from birth • • • · 
• • required to • COmPosition of milk per cents. · · • 
:Speeies • double weight. :Protein. • Ash. • Calcium. • Phosphorus: • • · · 
• • • • • • • · 
: Man • 180 1.6 • 0.2 • 0.021 0.022 • · · 
• • • • · • • · · · 
:Horee • 60 2.0 0.4 0.086 0.057 · • · · • • · • • · • 
: Cow • 47 3.5 · 0.7 • 0.114 · 0.087 · · • · · • • • · • • • • · · · 
: Goat · 22 · 3.7 · 0.78 0.143 • 0.122 · • · · 
• • • · • • • · • • 

i ~iUU~ · 15 4.9 0.84 · 0.178 • 0.127 l- · · 
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• Table I. (Continued) 
• Days from birth • • • 
• 0 required to 0 Composition of milk per cent,. 0 • • 
• Species. 0 double weight. 0 Protein. • Ash. 0 Calcuim. • Phosphorus 0 • • 0 0 0 0 0 

• 0 • • • • 0 
0 • 0 0 • · · 
• Swine 0 14 5.2 • 0.80 · 0.178 • 0.135 • .' 0 • · 0 • 

" • • · • • • • 0 · 
• Cat · 9.5 • 7.0 • 1.02 • ----- 0 ----- • • • 0 0 • · · • • • • · • • • · • 
• Dog 0 9 • 7.4 • 1.33 · 0.321 0.223 • • • • • • • 
• • • · • · • .' • • • · 
• Rabbit • 5 • 10.4 • 2.50 · 0.636 · 0.437 • · · • • • • • 
• • • • • '. · 0 

Izt.: f~' physiol. chern. 27, 594. 

This relationship is extremely interesting and important for, it shows 
' 4 

how essential to the development of the animal is the selection of appropri-

ate food. 

Character of Animals Slaughtered. 

All the animals except POSe 504, 523 and 525 were fed a mixture con-

sisting of 2.5 parts grain (8 parts cracked corn to 1 part linseed meal) 

and 1 part a1falr~ hay; the three mentioned received 2 parts grain to 1 

part alfalfa hay the grain consisting of 6 parts craoked corn. 3 parts 

whole oats and 1 part linseed meal. The general details of each animal 

are shown in Table II below. 



• • 
• • 
: No. 
: 

-5-

Charaoter of Animals Slaughtered. 

• • 
• · 

• • 
• • 

: Kind of Animal. : 
• • 

Age. 

• • 
• • 

:Classifioa- : 
:tion of 

: Condition.:Carcass. 
• · • • • · 

Remarks. 

• · 
· · · · • · 18 :Grade Shorthorn 

:steer 
:3 years :Very thin 
:6 mOB. : 

: Cutter :On maintenance 6 mo, 
• • 
• • 
• • 

• , . 

· • 
43 : Jersey oow 

• · · · 

• · • • 
: 7 years: Fat 
: 6 moe. : 

• • 

• • 
• • 
:#3 Beef 
· · · • 

• • 48 :Grade shorthorn :4 years:Very fat :4/=1 Beef 
• • :steer .·:6 mos. : 
• • • • 
: 121 : 
• • • • 
· · • · 

fI It 
· · • • • • 
:3 years:Fairly fat :f.~1 Beef 
:6 mos. : : 
• • • · 

· • 

:See note A.be1ow. 
• · 
• · 
:Fu1l feed for 21 
:months. 
· · 

tt " 

:rnonths 
rt 

: ~ 804 :Grade hereford : 1 year .:Fat 
: 9 mos. : 

:Prirne Beef :Full feed all his 
• • 
· • 

:steer 
• · 

: r 523: " 
• • 
• • • · 

.. · • · · :2 years:Medium 
• · 
• • • • 

• • 
· • 
:#3 Beef 
• • 
• · 

: Ii fe. 

:Medium ration all 
:his life. 

• • 

· · · · 

· · 
: 525 : " " :2 years:Thin :GOod canner :Ration fed so as to: 

: :cause ~ lb. gain • • • • · . · . -
: :per day all his life • • • • • • · . 

• • 
: 592 : 
• • • • · . • • 

tt " 
• • • • 
:1 year :~aciated 
:10 mos. : 

• • · · :Poor canner :Subrnaintenance for 
• • 
• · 

:11 months. See 
:nnte B. below. 

: 594 : It :11 mos.:Fat :#1 Baby beef:Shorthorn blood pre: 
• • • • • • • • • · :dominant. Full feed 
• • • • 
• • • · : 595 : 
• • · . 
• • · • 

.. 
• · . .. . 

• • 
: 1 year : Thin 
: 9 mos. : 
• · 

• • 
: Canner 
• · 
• • 

:a11 his life. 

::,Iaintenance for a 
:year. 
· · 

• · · · 
: 597 : tt tt 

• • · . 
• • • • 

: 1 year :Medium 
: 6 mos. : 
• • • • 

:#3 Beef 
• • • 

:Fed until fat,then 
:held at maintenance: 
':for 7 months. 

Note A. Was kept on mainten~~ce for a year, while giving milk, then dried 
up and held at the same weight until exact reqUirement was estab­
lished. Then fattened by increasing the quantity. 

Note B. ,The condi tion of the slreleton of this steer was remarlrable; the 
marrow have practically disappeared, being replaced with a watery 
malodorous liqUid with none of the properties of normal marrow and 
totally lacking in greasy or fatty appearances. 

An animal on maintenance is held at constant weight. The medium ration 
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was designed to give the animal maximum thrifty growth without laying on fat. 

The Bubmaintenance animal was made to lose one-half pound per day. 

niethod of Obtaining ' Sample •• 

At the time of slaughtering, which was done by an expert butcher, the 

weight~ of all organs were obtained after which they were grouped acco~ding 

to their functions, for laborato'ry analysis. 

Forty-eight hours later an expert from one of the large packing houses 

cut the right half of the carcass into the regular wholesale cuts. These 

were weighed and then separated into lean, fat and bone. In some cases the 

lean and fat of several cuts was grouped into composite samples for regular 

analysis and for the ,'determination of the water soluble portion, the composi-

tion of which is disoussed in this paper • 

. 
Preparation of the Samples. 

The cut or composite of cuts were first weighed in a tared container, 

then cut into small pieces and the entire sample passed twice through a meat 

grinder. First a coarse disc was used in the grinder then a finer one, the 

... 
sample being completely mixed between each grinding. After quartering the 

sample was put through the grinder a third time. This process of grinding, 

(with a gradual reduction of the coarseness of the disc used in the machine) 

mixing and quartering, was continued until the sample weighed about I kilo. 
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Details of Analytical Methods. 

A weighing bottle was nearly filled, about 75 to 100 grams, with the 

• 
well mixed sample, leaving room for a small aluminum spatula and the glass 

stopper. After weighing an approximate amount was transferred by means of 

the spatula to the proper vessel and the exact weight obtained by difference. 

All determinations were made in triplicate. 

Moisture. The moisture content was determined on about 3 gr~ by the 

benedict vacuum method of modified for this laboratory.' 

Ip. F. Trowbridge U. S. Dept. Agri. Bureau of Chern. Bul. 122, p. 215 
(1908) 
L. F. Shackell, !mer. Jr. Physl. 24, 325 (1909). 

-Fat. The thimbles from the above determination were placed in SOL~let 

extractors and extracted for twenty-four hours with ether distilled from 

sodium. The ether remaining tn the thimble was driven off at a. temperature 

not to exceed 6cP C. and the tubes were then dried in vacuum dessicators 

as per above. The loss in weight represented the fat content. The results 

were very satisfactory, the triplicates generally agreeing closely . 

Ash. About 10 grams of mea.t (15 grams if fat) were placed in a no. 

o porcelain crucible, heated for about two hours in an oven at 80°, then 

the temperature gradually raised to about l200until thoroughly dried. When 
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"dr-fed -the sample was charred at a very gentle heat over a Bunsen burner. 

Very slowly the heat was increased to complete the combustion of the organic 

material. It was necessary to exercise considerable care to prevent fusion 

of the ash, frequently two days being consumed in the process. The residue, 

cooled, weighed and calculated to ash in the fresh sam~le. 

Total Phosphorus. After the estimation of the ash v~s completed, each 

crucible was placed in a 250 cc Jena beaker sufficient HN03 (1.42) added to 

fill the crucible, then 10 cc Hel (1.21) together with a few cc (5 to 10) of 

water, and heated on the water bath for two hours. Some samples needed six 

or eight hours digestion. The crucible was rinsed with hot distilled water 

and the contents of the beaker neutralized with 1~40H (0.90); a slight ex-

cess of HN03 , then 100 00 ammonium molybdate solution and heated to 650 in a 

water-bath for one hour. The solution was allowed to stand in a warm place 

for two hours; filtered (597 S&S or No. 100 Swedish paper) and washb~ about 

five times alternately with a solution of mI
4

N0
3 

which contained 100 ,~ams 

in a litre# , and with cold water. 

#Satisfactory results have been obtained by alternate washings of t he 
filters with llli4N03 solution and water. 

The original bea..~er containing traces of the yellow prec i p i tate was 

placed under the funnel and t he precipi tate dissolved wi th dilute 11H OH and 
4 
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hot water. Usually about six washings with 2.5 per cent ITH40H were sufficient 

to dissolve the ammonium phospho molybdate precipitate. The solution was tre n 

neutralized with Hel and a few drops of rm
4

0H added{# , cobled, and 15 cc mag-

nasia mixture added slowl:/" with constant stirring. After a few minutes 15 

=/IV!. :?awlenko Vyestink Sakh. Promnish. l~o. 37, 417 (1906); find that 
alkaline magnesia mixture gives as accurate results as the neutral 
mixture. Aba. Exp. Sta. Record 20, Ill; (1908). 

to 20 cc !lli40H (0.90) were added and the solution allowed to stand at least 

two hours. Filtered and washed with 2.5 per cent rm40H solution, until free 

from chlorides. Dried, ignited to whi teness and weighed as 1.1g2P207. 

Preparation of t he Solution for Soluble ~:Jhosphorus. Cf the lean meats 

exactly 120 grams \~re wei ghed out in three portions, or 180 grams of fat 

samples in four weighin~s, and distributed into twenty 100 cc Jena be~cers# 

#The beakers were nmnbered and t be division of t he different portions 
indicated, so that if a bealcer was broken it was not necessar~l to re­
weigh t he whole sample, but only that portion from v1hi ch t 2-1e loss oc­
curred. 

in approximately equal runounts. 50 cc of recently boiled nit ro ,~n-free 

water were measured out and t he port iOll of meat i n bealcer =~o. 1 moisteneii 

with about 5 cc, then mixed with a stirring ro d to a pasty condition; more 

water added and' mixed until the whole 50 cc had been added. This opera tion 

was repeated with eac~ of the 20 beakers. After standinG about one-ha lf 

hour wi t h frequent stirrinp' . t he extr~ ct was nC'ured onto 11cM Uf59 5 e-t~ ' 
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filters and filtered into 300 cc Florence flasks without permitting the 

major portions of the residue to flow from the beakers. If during the pro-

cess, any oonsiderable amount of the meat residue collected upon the filter, 

it was returned to the oorresponding be~ter with the aid of the stirring rod. 

Next 25 00 of the neutral nitrogen free water VIae added to t~e resieue in 

each beaker, mixed thoroughly and poured on the filter when the first por-

tion of the extraot had all passed through. This was repeated until eight 

25 co portions of the water had been used in addition to the first 50 cc 

portion, making 250 cc of extract from each portion. The residue in the 

bea:~er uas transferre(l to the filter with the last 25 cc of water, the beaJ{:-

er and filter washed twice with 10 cc portion of water. ~lis made a totbl 

of 270 cc of water used for each flask. 

The extract was transferred to a 2 litre measuring flask and then to 

a glass stoppered bottle of approzimately 8 litres capaoity. ~ach r.'lorence 

'\flaelr was rinsed twice wi th about 12 cc of water and all made up to the mark 

on the 2 litre flaelt (3rd time) with water. The 6 litreeP, of t'1e extract 

#EXoess of solution was used for other determinations than those 
mentioned below • . 

were mixed, avoiding acration, and filtered throu£;h a dry filter. 

Total Soluble l'hos:ghorus. 500 cc portions of the extract were measured 
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into 600 cc beakers and evaporated on the water bath to a volume of about 

50 cc with tbe aid of 15 cc H2S04 and hot water, this was tranlferred to 

500 cc nitrogen flasks. Then about 0.7 grams mercury together with 5 grams 

of potasSium .u~phate were added' and the solution digeste<i as for nitrogen 

determinations. 

Atter cooling, the liquid and any 'residue were washed into a 250 cc 

beaker, 81ightl~ diluted with water and neutralized with 1lli40H. The opera-

tion was then completed as under total phosphorus. 

Soluble Organic PhosphOrus • .' 600 cc portions of the extract were meas-

urad into 1000 cc Erlenmeyer flasks, 5 ' cc of a lO;t BaC1
2 

solution, 10 cc of 

> 

iSeigfried & Singewald, zts. Nahr. Genussm 10, 52; (1905) 

NH40H (1-1) and 45 cc H20 added making a total of 660 cc representing 12 grams 

of the original sample; thoroughly mixed, covered with a watch glass and al-

lowed to stand over night or until the precipitate had settled. ~iltered 

through &c:: dry filter and 605 cc (11/12) of the filtrate t , ,,!?laced in a dry 

IRepresenting 11 grams of the sample of lean meat or 16.5 grams of 
fat meat. 

'1000. co Erlynmeyer flask, 10 cc of , a 5% K2SO 4 solution and 45 cc of water ' 

· added, making a total volule of 660 cc. Thoroughly mixed and allo~~d to 

stand long enough for the precipitate to settle, then filtered or decanted, . 

aooording to the contition of precipitate. 600 cc (5/6 of the original sample) 
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were measured into 800 cc beakers and treated in the sa~e manner as under 

total soluble phosphorus above. 

Soluble Inorganic Phosphorus. The differenoe between tIle organic and 

the total soluble phosphorus, was considered to be inorganic phosp~orus. 

Originally attempt was made to aacertain the amount of this constituent 

by means of Hart and Andrews method (l.c.) as modified by Emmett and Grindley 

(l.c.) but the results were not satisfactory. The method was used on a con-

siderab1e number of samples, the results of which compared favorably with 

those of Emmett and Grindley, showing practically all of the phosphorus pre-

sent to be in the inorganic form. However, it became apparent that the per-

oentage of organic phosphoru$, when obtained by differences, did not corres-

pond with actual organic phosphorus according to the method of Seigfreid and 

Singewa1d (l.c.). It was thought that an error was introduced through the 

fact that in the Emmett and Grindley method, and all others n~t with in ~he 

literature, the solution was heated before precipitation. Data obtained in 

this laboratory from experiments on the cooking of meats seemed to warrant 

the above assumption. These experiments, as previously mentioned, indicated 

that the ~norganic phosphorus was increased through the coolcing. In order 

to study this question and compare the methods a series of e~)eriments were 

undertaken. . 
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EXPERI1:ENTS WITH rlATER SOLUTIONS OF BFEF. 

The solutions were prep~red by mixing 600 grams of the lean tnec..t with 

about 1000 cc of water and pouring on a cheese cloth filter. 4~ter saueez-

ing the residue was returned to the mixing vessel (a thick glass jar), an-

other 1000 cc portion of water added and after mixing again poured on the 

filter. This operation was repeated six or seven times. The volume of 

the liquid ~~s made up to 15 litres and then divided into three parts, a. 

b.c. of 5 litres each and each portion filtered through a dry filter, 18 cm. 

S&S 595. 

Part a was analyzed as follows: 

I-Three portions of 500 cc each marked G( I~A) for inorganic phosphorus 

according to Emnett and Grindley's# modification of Hart and ~~drew's Method. 

~Jr. Am. Ch. Soc. 28, 25 (1906). 

2-Three portions of 500 cc each, marked g. h. i. for total soluble 1")hos-

phorus by the method de scr i bed. above. 

3-Three portions of 600 cc each marked j. k.l. for organic p~osphorus 

by Selgfreid and 3 inc~wald's method already mentioned. 

'?art b was placed in a large ~lorence flasl{ of about 6.5 litres capnc-

ity, closed with a rubber sto~per fitted with a reflux condenser and from 
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which a thermometer was suspended in the liquid. The flask was then lmmersed 

in a deep water bath and stirred by shaking ocoasionally while the tempera-

ture was gradually raised to about 600 and maintained for 15 minutes. The 

temperature of the liquid and the bath were recorded every five minutes and 

at no time were the two readings over a few degrees apart. 

After cooling, usually over night, the solution was filtered and then 

analyzed by the same methods mentioned for part a. 

Part c was also heated under the same conditions, but the temperature .... 

in each "case was somevhat higher than that employed for part l. The time 

during which tl~ maximum temperature was maintained was the same. 

The results of these experiments are set down in Table III. 
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Effect of Heat upon the Form of Phosphorus in }:!eat Solutions. 

• • 
• • 

• • • • 
• • • • 

• · :Source of : Maximum 
: No. : S Ie : Tam erature 
• • 
: 993a 

• • 
:Round lean: Cold (20°) 

• • 
• • 
• • 
• • 
• · · • 
• · · . • 

• · • . 
• .. 

• · 
• • 
• • 

-b • 
• 
• • 

C : 

• • 
• • 

· • · 
· • 

• • 
• · 
• • 
• • 
• • 

· · 
• • 

:91118& :Chuok & : 
: lIeok steer: 
:1523 : 

• • 
• • 
• • 
• • 

• • 

· • 
• · 
• · · · 

b 

c 

• · 
• • 
• .' 
• • 
• • 
• · 
• . 

• • 
• · 
• • 
• • 
• • 
• • 
• • 
• • 

60.2° 

- 0 
· 70.2 

Cold (200 ) 

° .70.3 

:: 9928a 
· : 
~Round lean: Cold (200

) 

• • 
• • 
• • 

• • 
• · 
• • 
• • 
• • 
• • 

b 

c 

• • 

• • 

• · 
• · 
• · 
• • 

• • 
• • 

• · 

• • 
• • • • • 
:91027& ~ean comp-: Cold (20°) 
: .osi te from: 
: :Cow #4. : 

• • 
• • 
• • 
• • 
• • 
• • 
• • 

b 

o 

· 
• • 

· · · • 

• • 

• • 
• • 

• • 
• • 

· • 
• · 
• • 

51.7° 

• • 
• · 

: ________ ~Ph~O~S~p~h~o~ru=s~(~p~e~r~ce~n~.t~s~)~. ~--~~----: 
: Total.: Organic. : Inorganic by: Inorganic 

: difference : b G H&A). 
· . • • 
: 0.164 : 

0.165 
: 0.162 : . • 

0.164 : 
: 0.164 : 

0.164 
· . • • 

0.106 
0.067 

0.014 
0.913 
0.012 

0.146: 0.012 
: 0.143: 0.012 

. : 0.144 : . 0.017 
• • 

0.131 : 
: 0.130 : 
: 0.127 : 
• • • • 
: 0.126 : 
: 0.126 : 
: 0.126 : 
• • · . 
: 0.125 
: 0.125 : 

0.127 

0.136 
• • 

: 0.146 : 
: 0.146 : 
• • · . 

0.147 : 
: 0.147 : . 
: 0.146 

: 0.144 : 
0.146 : 
0.146 

0.086 
0.086 
0.082 

0.024 
0.022 
0.023 

0.016 
0.022 

0.070 
0.104 
0.092 

0.067 
0.066 

0.024 
0.025 

·0.024 

0.118 0.062 
: 0.137 0.080 

-----: 0.083 
• • 
: 0.025 : 
: 0.139 

0.111 : 
• • 

----- . . 
0.139 : 

: 0.139 : 

0.025 
0.033 

0.027 
0.028 
0.028 

• • -----
0.059 
0.095 

0.150 
0.151 
0.152 

: 0.134 
: . 0.131 
: 0.127 
· • 
• • 
• • 
• • 
• · 
• • 
• · · • 
• • 
• • 
• • 

• · 
• · 
• · 

0.045 
0.044 
0.045 

0.102 
0.104 
0.103 

0.109 
0.103 

0.0-66 
0.042 
0.054 

• .. 

· • 

· · 
• · · • 

• • 

· • 
• · · • 

· · 
• • 
• • 

• · 
• • 

· • 

0.080 
0.081 

0.120 
0.121 
0.122 

0.056 
0.057 

0.073 
0.106 
------

-~---

0.111 
0.111 

· · · • 

· • 

0.147 
0.142 
CJ.146 • · 
0.145 
0.139 
0.131 

: 0.125 
: 0.126 
: 0.129 
• · 
• • 

· · · · 
• · 
• · 
• · · · 
• • 

• · 
• • 

· · 

• • 
• · 
• · 
• • 
• · 

.. -~--

0.094 
'0.079 
0.077 

0.070 
0.079 
~----

0.132 
0.125 
0.129 

0.126 
0.131 
0.133 

0.125 
0.130 
0.127 

0.110 
0.118 
0.117 

0.118 
0.119 
0.117 

0.120 
0.118 
0.118 

• • 

• · · · 
• · 
• • 

• · 

• · · · 
• · · · 

• • 
· · 
• · 

· · \ 

• • 
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Disoussion of Data,. 

The above results inolude the data from the prelininary tests, and 

while the figures are, not as uniform as those obtained from later experi-

ments, when the details had been perfected, the general trend is to be ob-

served. 

Attention should be called to the fact that part ~,"9lll8, was prepared 

acoording to the regular water extract method, as described on page , 

/ whi1e parts b and ~ were made by weighing another portion of the same sample 

and"extraoting by the special method adopted for these tests. The total sol-

'uble phosphorus determinations indicate the efficiency of the special method, 

at least so far as the phosphorus content is involved. 

Since in the regular analysis of the cold ~~ter extracts only the Seig-, 

freid and Singew&ld method was used, the determinations by the Emmett and 

Grindley method are lacking for part ~. " In the same ~eries parts k and ~, 

heated to 70.30 and 90.70 respectively, the inorganic phospho~lS determined 

aocording to Emmett and Grindley shows considerably lower results than with 

any of the other experiments, this descrepancy cannot be ' explained. 

A oomparison of the total phosphorus in the oold solution vd th t hat 

obtained a.fter removine the coagulum formed by heating at the different tem~ 
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peratures, indicates that, practically no phosphorus is precipitated with 

the coagulum. This conclusion agrees with that of Emmett and Crindley.f. 

jJr. Am. Ch. Soc. 28, 63 (1906). 

A portion of the organic phosphorus is converted. into the inorganic 

form when heated above 500 and therefore the method yro!)osed by :smmett and 

Grindley, or any method which involves heating of the cold water extr~ct 

before precipitation of the inorganic 11hosphorus, cannot represent the true 

condition of the phosphorus in the flesh. 

The reln,tion of the inorganic and organic phosphorus to the total phos-

phorus as shov~n in the above table, may be seen in ~able IV in whiC!1 t:1C data 

has been averaged and calculated to l)er cents in each case. 

"'ABTI.' . _ ..l..J...Io-j IV • 

~erce!l~aee Pelatiol] of Organic and Inorganic. 

Phosphorus to :'otal J[.losphorus • 'It . t 1n . ,~ea. Solutions. 

· • • • 
: Humber. 993 91118. 
• · • . 
• • · . 
:Part a. b. c. a. b. c. 

• · • · 
• · · • 

: Tempe ra ture • Cold 60.20 70.20 Cold 70.3° 90.70 . . 
· • 

• • · • · • 
: Total Phos- 100.0 100.0 , 100.0 100.0 • 100.0 120.0 · 
:Ehorus. • · · • 
• • • · :Organic Phos- • 52.76 • 7.93 9.44 65.73 • 18.25 15.25 • · · 
:12horus • • · · · : Inorganic ?hos-: • · :phorus by Dif- · 47.24 · 92.07 90.56 34.27 81.75 84.80 • '. 
:ference. · · · · : Inorganic · · 
: Phosphorus 88.41 84.14 88.19 ----- 65.71 57.14-

:b~ E __ &_ fu . . . . 
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• • • • 
• 9928. · 9JQ22. • • • -- · 
• · · • • • · · 
• a. · b. · c. · a. b. • c. · · · · · 
" • · • · · · · • 0 ° · 51.7° 70.2° • mOld ' • 50.0 · 70.5 .Cold · · • · • · • 

• • • · · • • • · · · • · · · • • · · • · • 
• 100.0 • 100.0 100.0 100.0 • 100.0 • 100.0 • · • • 
• • • • • · • • • • • · • · · . • • • · • • • • • 
• 62.23 • 45.23 • 16.72 • 58.82: 25.00 20.14 • · • • 
• • · • · • • · · · 

• • • • • · · · · 37.77 • 54.77 SZ.28 • 41.18: 75.00 79.86 · · · 
• • • · • · 
• • • • 

90.20 • 88.43 86.98 92.12: 101.7 85.61 · 
• • • • · • • • · • 
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In the samples examined it appears that the cold extracts contained 

from 52 to 65 per cent of the total soluble phosphorus in t he organic 

form, which when heated to about 700
, was reduced to from 9 to 20 per 

cent, accompanied bJr a corresponding increase of the inc;:'canic phosphorus. 

The ,change occurred to a greater or less degree at other temper2..tures, but 

seemed to be practically complete at 700 as is especially ShOV:11 in series 

91118. ~rere it will be observed that there was only three per cent less 

o organic phosphorus in the solution after heating to 90.7 than was found 

in part b which had been heated to 70.3 degrees. 

\'later Extracts of Beef. 

The data presented in this part was obtained from t he analyses of 

selected cuts from steers 504, 523 and 525. Th.e h i storv of t hese animals .. 

has been given on page t t!ley were in t he order na.med above, fat, medium 

and thin respectively. ~or purposes of comparison and to help i~terpret the 

resul ts t water and fat determinat ions made on the origL ... ~l sar:1ple are inc l"t;.d-

ad in the table·s. All analytical data is expressed in per cents. 
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Table V. 

Partial Composition of Selected Cuts from cteer No. 504. 

• • • • • • · • 
• • • .. • · • • · .. · · 
• • · • • · .. • • • · . • • • • • 
• • • Total · . • · • • · · 
• Number • Description of SamE1e • Soluble Solids Water · Fat. • • · • 

" . · • • · · • • • • · 
• 81220 :Lean & Fat of Shin, • 3.44 • 60.64 · 20.56 · • · · • · 
• : Shank, Head & Tail. 0 0 • • 0 • • • · 
• • · · • · • · · · 
• 81221 :Lean & Fat of Chucks • 3.69 • 58.33 • 24.03 • • · · • • 
• :& Neck. • · • · · · · 
• • · • · · • · 
• 81222 :Lean & Fat of Flanks • 2.27 • 41.64 · 45.62 • · · • · · 
• :& Plates. • • • • · • · 
• • · · • • • • • • 
• 81223 :Lean & Fat of Rumps. • 2.55 • 40.72 46.81 • · • 
• • · • • · · • 
• • • • • • • • 
• 81224 : Lean of Rounds • . • 5.98 • 69..51 9.21 • • • • • 
• • • • • • 0 • • · 
• • • • • · • • • • 
• 81225 : Fat of Rounds. • 0.57 • 16.61 • 78.03 • • • • · · • • · · • • · • 
• • • • · • • · • · 
• 81226 : Lean of Loins. • 5.16 • 66.92 • 12.22 • · 0 • • • 
• 0 

, • • • 0 • • • • 
• • 0 • • • • • • · · · :881227 :Fat of Loins. • 0 0.43 • 11.62 0 84.91 • . . • • · 
• • · • · . . • • • • • . . 
• • • • • · 
• 81228 : Lean of Ribs. • 4.63 63.28 • 17.52 • • • · · • • 0 • • • • • • • 
• • · • • • • · 
• 81229 :Fat of Ribs. • 0.75 • 14.42 • 80.63 • · · · 



• • 
• • 
• • 
• • 
: Phosphorus 
: Total. 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

0.143 

0.146 

: · 0.101 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
: 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• · 
• · 

0.106 

0.194 

0.030 

0.181 

0.025 

0.167 

0.031 

• • • • 

-l9-a-

• • • • Soluble Phosphoru~. 
• • • · : Total 

, :Water & 
: Phosphorus : 
: Insoluble • · 

:Fat 
Total :Free. 

• • 
• • 
• • 
• • 
• • 
• • 
• · 
• • 
• • 
• · • • 
• • 
• • 

0.045 

0.046 

0.032 

0.029 

• • • • 
: o.o~a : 0.710 
• • 

· • 
: 0.100 
• • 
• • 
• • 
• • 
• • 

0.069 

: 0.077 
• • 

· • 

• • 
• • 
• • 
• • 
• • 
• • 
• · 
• • 

0.567 

0.537 

: 0.617 
• • 
• · 

• · 
• • 
: Total 
:Fat Free 
• • 
: 0.123 
• • 
• · 
• • 
• • 
• • 
• -. 
• • 
• • 

0.131 ' 

0.126 

: 0.145 
• • 
• • 

• • 0.013 : 0.181 : 0.850 : 0.199 
• • 
• · 
• · • • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

, . 
• • 

• • 
• • 

0.019 

0.058 

0.010 

0.039 

0.017 

• • 
: 

• • 
• • 

• · · • 
: 0.011 : 0.205 : 0.050 
• • 
• • 

• • 
• • 

: 0.123 : 0.589 
• · 
• • 
: 0.015 
• • 
• • 
: 0.128 
· • 
• · 
: 0'.014 

• • 
• · 
• • 
• • 
• • 

0.432 

: 0.666 
• · 
• • 
• • 0.282 

• • 
• • 
: 0.140 
• · 
• • 
• • 
• • 
: 

0.099 

: 0.155 
· · · · 
• • 0.072 

• • 
· · 
• · 
• · 
• · 
• • 

• • 

· • 

• • 
• • 
• · 
• • 
• • 
• • 

• · 
• • 
• • 

• · 

• · 
• · -

Inorganic 

, o.oes 

0.131 " 

0.029 

0.031 

0.093 

0.011 

0.073 

0.014 

0.088 

0.015 

• · • · : Organic 

• · 
• · 
· · · · 
• · 

· • 

• · 
• · 
• • 
• · 
• · · • 
• • 
• • 

· · 
• • 
• · 
• • 
• • 
• · 
• · 
• · · • 
• · 

0.010 

0.017 

:-0.041 

0 . 046 

0.088 

0.000 

0.050 

0.013 

0.040 

0.000 

• • 

· · • • 
• • 

• · 
• · 
• • 
• • 
• · 

• · 
• · 
• • 
• • 
• · 
• · 
• · 
• • 

· · 
• • 

· · · · · · 
• • 

· · 
• · 
• · 
• • 
• · 
• • 
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From the data reported in Table V it is evident that the round lean 

contains more phoep~o~~s, i~ fo~s whioh are soluble in cold water, t~an 

any of the other cuts; the lean of the loin containing the smallest amount. 

The following table shows the quantity of the total phosphorus which is 

soluble. 

Table VI. 

Cuts of steer No. 504 Arranged According to 

Percentage of Total Phosphorus which is Soluble. 

• • Total ?hosphorus which • • • • 
• Deecri,Etion of Sam121e. · is Soluble. ~Eer cent) • · • · • · • · 
• Round lean • 93.3 • · 
• Rib lean · 76.6 • · 
• • • • 

Rump · 72.6 · 
Shin, shank, head & tail. · 68.5 · 

• • 
• Chuck & neck • 68.4 • .. 
• • • • 
• Flank: & plate 68.3 : • 
• • • · • Loin lean 67.9 • • · 

Loin fat • 60.0 · 
• • • · Rib fat 55.1 

· · · Round fat 36.6 · 

The soluble inorganic phospho~s ranges from 0.011 to 0.015 per cent 

in the fats eY~ined; from 0.029 to 0.089 in those cuts in which t he lean 

and fat was combined; from 0.073 to O.093 · in the lean cuts. 

Table V seems to indicate that the lean round, a medium priced cut, 
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contained practically the same amount of total phosphorus as the lean loin, 

• an expensive cut .• · Moreover, the amount of soluble phosphorus was considerably 

less in the lean loin. 

To aid in the study of these relations the data was arranged in the 

order of the total soluble phosphorus content as shown in Table VII. 

Table VII. 

cuts of Steer No. 504 Arranged Acco.rding to Percentage .of 

Total Soluble Phosphorus Referred to the Following Conditions of the Cuts • 

Fat of Rounds 

Fat of Ribs 

Fa.t of Loins 

Lean & fat of flanks 8: 
plates 

Lean 8: fat of rumps 

Lean ~_ fat of shins, 
shanks, head & tail 

Lean & fat of chuclcs 
& neck 

Lean of loins 

l ean of ribs 

Lean of rounds 

Composite * 

• • 

· · 

• • 

· · 

• · 

• · 

· · 
• · 

· . Water & · Fresh Fat Free 

0.011 0.205 
· · 
• • 

0.014 · 0.282 · · · 
• · 

0.015 0.432 

0.069 • 0.537 · 

0.077 0.617 

· · 
0.098 · 0.710 · 

0.100 0.567 

• · 
0.123 0.589 

0.128 0.666 

0.181 ! 0.850 

0.076 0 .543 

Weight of .cuts, 
• Fat ::ree · €i!:s • · · 
· 0 .. 050 9818 · 

0.072 6770 

0.099 18430 
· · 
• · 

• 0.126 49 650 · · .. 
• · 

0.145 . i0845 

· . · • 

· 0.123 16070 · 

0.1313 59808 . 
· · 

0.140 33676 

0.155 18506 

0.199 37238 

76566 



-22-

IThe results shown here were obtained by calculation from the data reported 
on the fat and lean of the following; shin, shank, head and tail; flank 
and plate; rump. 

It appears from the above . tables dealing wi th steer !,~o. 504 that the fats 

contained very little soluble phosphorus, an average of 0.013 per cent; the cuts 

in which the lean and fat were combined for an~lysis contained from 0.07 to 0.10 

per cent;' the lean cuts from 0.12 to 0.18 per cent. 71hen the results are reduced 

to a dry and fat free condition the percentage of total soluble phosphorus in 

the fats becomes 0.2 to -.43; lean meat referred to t he same basis contains from 

0.59 to 0.85 per cent. ""hen the meat is freed from both water and fat the results 

are raised considerably; the fats to 0.20 to 0.43; the lean cuts to 0.53 to 0.85. 

Table VIII. 

Part1e.l ·.~ Composition of Selected Cuts from steer !;o. 523 • 

• • • • • • .. 
• · Soluble Phosphorus. • · • 

: Total • · 
:Descrip- Total ., . ." : '{later · Total . .., . · · ' . · 

Lab. :tion of :Solub1e: : · & Fat: Fat • • • 

: Number: SamEle . ' Solids: Water: Fat Total :Free. :Free. • Inor~anic: Orf:anic · · • . • • · · • · · · · • · · · 
:91118 : Lean &: 4.83 · 72.78: 10.29: 0.129: 0.762: 0.144: 0.043 0.086 • · · 

: Fat of · · • • · · • • 
: Chuck & 

:Neck. • · 
:91121 : Lean of 5.59 78.26: 1 Q3· . ~ . 0.154: 0.777 :. 0.157: 0.029 0.125 
• : 'Round · • • · · · • • · 

• • · • • · • • • · · · 
:91122 : Fat of 1.03 35.63: 60.22: 0.027: 0.190: 0.068: 0.015 . 0.012 • . · 

: Round • • • · 
• · • • 



• • 
: Fat 

: Fat 
· · 
:Fat 

fr This composi te sample vias Innde by combining aliquot parts of the lean a.nd fat 
of the following: shin, shanJc, head and tail; flank and plate; ruml) . 

Table IX. 

cuts of s teer ::0. 523 Arranged Ac corc.ing to ?ercentar-e . 
of Total Soluble ':)hosphort<s. Referred to ::) if-

ferent Condi tion~ of the Cuts. 

> : 'i7ater & Fat 
~resh :~ree condi- : . -"at "?ree Tn • ht : .. e I b- of 

Condition. :tion. C " . t . onll l lon e :Cuts . Crar::s: 

of Loin 0.016 0.286 0 .073 31 88 

of Round 0.027 . 0.190 0 .060 2278 . 

of Rib 0.029 0.26G o OQr:t • ..... .... v 761 

:Composite 0.105 0. 664 0.132 ----
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Table IX. (Continued. ) 

:V1ater & Fat 
• · Fresh : Free condi- Fat Free .~, . ht of · · : . elg 

· Condition. :tion . Condition. :Cuts. Grams. : · · • · · : Lean of Fat of Chuck · 0.129 0.762 0.144 24535 · :& Neck 
· · 
: Lean of Rib 0.139 0.908 0.153 60lQ 
• · · · : Lean of Loin 0.152 0 . 979 0 .1 69 12917 

: Lean of Round 0.154 0.777 0.157 16946 

· · • · 

The above t ables referring to steer 1'To. 523 , show t hat t he fre sh sampl es con-

tain a little more phosphorus t han t he correspondinc cuts from steer 1';0. 504 . The 

relation does not hold t hough ~ hen t he .re su l ts are compared on a fat free basis ; 

t he aver a.ge re sul t s of both onl y diffe rei ng in t he third p l ace. Thi s is of S01:1e 

interest in view of t he fact t hat No. 504 had been well fed all h is life , whi le 

r Oe 523 had only a medium ration. : owever the fo rmer p roduced a ca rcass t hat 

gr aded ?rime while t he latter 's carcass graded 1':0. 3 . 
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Table X. 

Partial Composition of ::elected Cuts from steer !;o. 525. 

0 · · 0 

0 · · · Soluble Phosphorus. • • · · 
0 · · 0 0 : Total · · · · 0 0 · 
• Descrip- Total · : \later · Total • · · Lab. tion of • Soluble 0 • 0 8: Fat: Fat Inor- Organ-: 0 , 0 · 0 

:Number. : Sample. • Solids. • Water. : Fat. 0 Total: I:"ree. : : Free • ganic. : ic. 0 • • 

· • • o • • · · · · - • 

· • • • • • 
0 91168 : Lean & Fat: 4.77 0 72.99 8.43: 0.133: 0.716: 0.145 0.040 0.093 · · :of Chuck &: · · · · 

:!:'eck • · • · · · 
• 0 · 0 · • · · 

91171 : Lean of 5.83 79.85 3.33: 0.158: 0.933: 0.153 ' : 0.038 0.120 
• : Round 0 · · · · · · · · '. · · · · · 
· 91172 :;:i'at of 1.29 40.19 · 56.25: 0.029: 0.814: 0.066 0 0.013 0.016 • · · ~ 0 

· : Round · · · 
• 0 0 · • · • · 
· 91173 :Lean of · 5.72 • 76.65 3.35: 0'.159 : 0.795: 0.164 0.031 0.128 · · 0 

:Loin o . · · • · . · · · · · · · · • 0 

• 91174 :Fat of 1.12 25.58 70.75: 0.019: 0.518: 0.OG5 0.007 0.012 · 
• :Loin • 
0 · 
• • · · · · · · 

911'5 :Lean of 4.?:1 70.51 0.58: 0.141: 0.677: 0.154 0.019 0.122 
:Rib . 

91176 :~at of 1.77 30.36 0 61.43: 0.032: 0.983: 0.083 0.013 n CI a · ". '" 
'O°b :.L 1 

9~1~5 :CO~,o o i~c '% '1' ~~ /1'% 
,,., 9Q. (') "? ().r,4Q~ 0.1;.z;~ (J. O?P, O.OA4 ' .. . : - . )'-' ...... \ . , ., - . "-' • _ . _ _ .... J • 

• :of Leans t : · · · 
• :Pats Exclu-t · 
0 :si ve of a-: • 

:bove S~-
o1)les .It · · . -" ~ · . • 

:,'lCbtained in the same wa~~ as noted llnder ~able VI II. 
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Table XI. • 

Cuts of steer !To. 525 Arranged Accordi~g to Percentage 

of Total Soluble Phosphorus. Referred to ·Dif-

ferent Conditions of the Cuts. 

:Water .P. Fat v. 

· Fresh :Free Condi- Fat Free ny • ht f 
• : : .ielG~ : 0 

· • Condition :tion. · Condition. :Cuts. Grams. : · · · · · 
: Fat of J;oin 0.019 0.518 0.065 1879 

: Fat of Round 0.029 · 0.814 0.066 981 · 
• · : Fat of Rib 0.032 · 0.389 0.083 • 332 · · 
• · ~ · :Composite • ' 0.112 0.648 0.135 · ----
• : • ~ • · 
: I.e an ,. Fat of Chuck 0.133 0.716 0.145 '''''9''' '- -

_ I .J,.. f.J 

:& IJecl~ • • · · · 
• • 
: Lean of Rib • 0.141 · 0.677 0.154 5nr;-~ · · . -' ..... \..1 

• • · · · · 
: Lean of Round · 0.158 0.933 0.163 13762 • 
• • • · • • • • · • 
: Lean of Loin • 0.159 0.795 '. 0.164 • 9355 · · · d 

It will be noticed in tables X and XI referring to No. 525, that the lean 

, -
ot the round and loin cuts contains about the same amounts of soluble phosphorus 

when compared on either the fresh sample, or the same reduced to a ·fat free basis. 

When calculated to a dry and fat free condition the soluble' phosphorus in the 

round is considerably increased over that of the lean loin and other cuts. 

steer No. 525 was a thin animal having been so fed that he gained only one-

half pound daily during his life of two years. When slaughtered he was thin, the 

carcass grading as a good canner. Or in other words, the carcass would be used 
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by the packers for dried beef, corned beef, etc., the quality not being good 

enough for sale in the retail market as fresh beef. 

Discussion of the Data. 

The average per cents, disregarding the weights of the cuts, of total sol-

uble phosphorus reduced to a fat free basis, for the loin,rib and round fats 

of steers 504, 523 and 525 were 0.074, 0.071 and 0.071 respectively; the lean 

portion of the loin, rib and round contained 0.165, 0.160 and 0.160. The 801-

uble phosphorus in the same lean cuts when reduced to a !noisture and fat free 

condition, averaged for the three animals as follows 0.702, 0.888 and 0.802, 

named in the same order as' above. 

The average per cents of the soluble phosphorus in the fats calculated 

according to \~ight are as follows: 

Fresh Substance. Round fats 0.015 per cent, rib fats 0.016 per cent, loin fats 

0.015 per cent. 

Water and ~at Free SUbstance. Round fats 0.298 per cent, rib fats 0.282 per 

cent, lOin fats 0.411 per cent. 

The soluble phosphorus of the lean portions averaged in the same Y:lay as 

the preceeding, appears as follows: 

Bresh ~ubstance. Lean rounds 0.169 ner cent; lean loins 0.135 per cent; lean 
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ribs 0.133 per cent • . 

Water and Fat Free Substance. I,ean rounds 0.856 per cent; lean loins 0. G93 per 

cent; lean ribs 0.715 per cent. 

Ii'. W. Woodman of this laboratory has shovm :/!: tha t the +"~t, et~e~ ~ol1:~~ C , 

IJr. Ind. & Eng. Chern. 1, 1909. 

extracted from bones contained but 0.003 per cent total phosphorus. 

The above demonstrates very clearly t hat t he phos phorus in beef flesh i e 

found chiefly in t he muscular or connective tissue. 

A comparative stud:r c annot be :nade of t he forms of phosphoru s f ound. i n t he 

water extracts p repared f rom the three animals, because soluble i norganic phos-

phorus was determined in samples from steer i~o. 504 by t he Emmett and Grindley 

method. It has been demonstrated , pa ge , t hat t heir ~e tho d gi ve 's results whi ch 

are too h i gh. 

It is possible t hat t he condition of t he anima l may i nfluence t~e rela t i ve 

amount of organ ic phosphorus and i t i s u:-Sortuna te t la t thi s l' oint cannot be 

cleared up here. Another investigation conducted in t h is laborator ;>" , Vlo r k i ng 

on t he composite s a.mple f rom a very t h in a.nimal, shows t ha t : 6 pe r cent of t~e 

soluble phosphorus is organic. Cuts f rom a ver:r f a t anh~al S h OVi f rom 52 to 70 

per cent of t he soluble :pl10sphorus to be i n or gani c f or ns. Another fat an i ma l 
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g ives even h i gher fi gures fo r t h i s compone nt 72 to 87 per cent. 

To avoid variables, t he we i ghts of t he lean and fa t of each cut were added 

and f rom t he percent age comp os it i on , a new pe r cen t for soluble :phosphorus was 

computed whi ch t hen rep re sented t he enti r e cu t . T'ne pe r cent of solu"!:lle P1 08 -

phorus t hus obtained was reduced t o a fa t free, and mo i sture and fa t free con-

di tion . rne re sul t s of thi s comput a tion a re gi ven in Table XI I . 

Tabl e XII . 

~oluble Phosphorus in t . .Le Cut s Calcul ated to Fat Free , 

and ',:'/a ter and 'Fat 71'ee 2uQstance • 

. . . . 
Basis of 
CO!nnar i s on . T:'1'e sh Subs t ance . \7ater &; '7at 7ree . ::;'at T"ree . · · -
II umbe r of 
St ee r . 504· 523 525 504 523 525 504 523 525 

Chuck 0 :~eck .100 .129 . 133 . 567 . 762 . 716 . 131 • 14tr .145 -.A 

Round .145 .139 . 149 . 807 . 774 . 934: . 109 1'7 " 
• j.~ . 157 

l oin . 084 .125 .135 . 57 7 . 923 . 782 . 135 11" '7 
• . 00 . 159 

'n i b . 09 7 . 12G l~ rs . '"'~ . 630 . 850 . 67 0 . 147 . 149 . 152 

COlTI110S i te "' ,.,,.. . 105 . 112 . 543 . G64 . 648 I "' '''' 1 '- " . l r-:S • I () • t:. 1 • t,) (-, · 

I f vIe st t.l~y 'Table YI l , whic ~ r eal ly includes most of t :le ot hers ~je rt c.'. i nlne: 

to t he ana l yticc1 results 0 t ' . 1 .. ~ .. 1 .je cUll ,a s unaer (.I.1ScusSlon , seve rn 

apparent . 

Th~ frer- subs t ance of 504 cont a ins lessf::01uble n osp: orus t !lan t he ot11e r . 
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animals, the round cut excepted; steer 525 conta ins more than 504 and 523 in 

every instance. The composite representing the cheapest cuts in t he animal, 

contains t11e least, while the round, a mediu.'TI p riced cut, contains the most. 

~en the soluble phosphorus is expressed in terns of water and f a t free 

substance, t he round of 504 and 525 are hi ghest, but the loin contains the most 

in the cuts from 523. The cheap cuts remain uniformly low. 

It is difficult to surmise a reason why the round cut is high in phosphorus. 

A glance at the total solids which are soluble in water, see~s to indicate t he 

saroo tendenc:t. ::'he round cut consists of muscu l ar tissue sub.jected to considerable 

work and but seldom relaxed; it contains more water t han t he other cuts and is 

high in total soluble solids.' Such concli tiona would naturally favor t he retention 

of soluble phosphorus compounds. l :oreover it would ir~di cate more T.-:uscle Tl lasma ... 

than the other cuts, t he rib or loin for example. 

There remains to be cliscussed t he i nfluence of age and condi tion. 

Steers 523 and 525 were the s ame a €€l , but t be soluble phosphorus content, 

fres h substance, of 523 is uniforml~r lower. Steer 504 was three mont1l s ~"'ounger, 

and the cuts from it contain the least soluble phosphorus. A gl:~} nce at t he second 

division of Table XIl will suffice to show there is 110 age rele.tion on t he water 

and fat free basis. It is impossible t herefo r e, to say t :hat age has ar.y influence 
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in this respect. 

As to condi t1on, it will be recalled t hat 504 was fat, 523 medium,a11d 525 t hin. 

On the basis of the fresh meat, it appears that t he thin animal contains in each 

cut more soluble phosphorus t han the others; Ho. 523 more t han 504 with t he ex-

I 

ception of the round cut. On the water and fat free basis it will be observed 

that ·the cuts of 525 are above 1;hose of 504 except the loin and rib and i f t he 

round is not considered; No. 523 contains more soluble phosphorus than 504. 

These results appear to show t hat t he flesh of t he t h in animal contai1:s 

more soluble phosphorus , than t he fat one; also t hat t he quant i t JT decreased with .' 
increasing fatness even when -reduced to a moisture and fat free basis. 

Conclusions. 

1. A method which involves heating' of the solution before ~'") recipi t ation of t he 

inorganic phosphorus, does not yield results which represent t he true condition 

-- '. 

of t he soluble fO~orus compounds in cold water extracts 0 '" beef. 

2. 00luble organic phospho:'us compounds existing in beef a..'Yld i n cold water ex-

tracts of the same, are converted into inorganic forms bj:r heat. 

a. ':'he change is practically complete when t he temperat ure is maintained 

at 700 for fifteen minutes. 

b. From 52 to 65 per cent of the total phosphoru.s in cold water extracts is 
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in t he organic form, but may be reduced to fro~ 9 to 20 per cent if heated 

to about 70
0

. accompanied by a co.rresponding i ncrease of t he i nor ganic 

phosphorus. 

3 . The round cut of beef contains more phosphorus, in f orms wh ich a re solubl e i n 

cold water, than any o£' t he other cuts . 

4. Phosphorus is found chie f l y i n t e muscular or· connective tiss~e , t . e fats 

conta i n but little. 

5. The fle sh of a t hin animal cont a i ns mor e soluble phosphorus t han t ha t of a 

fa t an i mal . 

a . '1TIe quanti t y decre aso with increasing f a t ness even vihen i t i s expressed 

on a moisture and f a t free basis . 



PART II. 

Distribution of ?hosphorus in Tissues and Crgqns. 

T'.ae fresh sa.~ples were analyzed by t he rr:ethods previously described:;7- . 

f lbid. 

~,'~osi ture and fat, ash aLiu.. tota: pl:osp::o::. .. ..:s \':"ere cete~i~ed C~ seY)~rate p ~rr'l'mle~ in 

tripl icate. D1e average results are reported. 

Eight animals are considered in the following tables. Animals 592, 595, 597, 

and 594 were young and in various conditions as indica ted in ~able II previous 

paper. ~le next four, 18, 121, 48, and 43 were mature; also var::"ing in condition. 

:.:ethod of Obtaininc ~amples .. 

The samples of blood a:1d t he oreans were obtair:ed at t'l16 tir::e of slau chteri:-:r .. 

Porty-e iCht hours later, whe1: the right ha lf of the carC2.SS Vlas cut into Yihole sale 

cuts, t he lean, fat and bone SBJrl11les were ta1cen :cr Dnal~T~ is.. In eacD, case t :le 

entire cut was ground, as l)reviously described, be f ore the somple vIas sent to t~:e 

laborator:{. 

':lhe or£;a.ns, tissues, etc., \7ere anal:Jzed as shown in the outlir..e below. In 

many cases it Vias necessar;y , owh:.C: to t ile lack of time, to co~bine several parts., 

these are indicated by being set to the riChiJ under the &,"'eneral he De.. 1'::'11e a!lal~Tses 
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of the bone samples are not included in this paper. 

Blood. 

I,i ver. 

Digestive and excretory system. 

Tongue, total, less bones. 

Gullet. 

ston~ch clean, less fat. 

Intestines.clean, less fat. 

Spleen. 

~ , ancreas. 

Thymos neck. 

" heart. 

Gall bladder and contents. 

Bladder, less contents. 

Penis or (uterus and Vagina). 

:i1iaphragm (slcirt). 

Circulator~" system. 

Heart. 
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Pericardium and fat. 

Arteries. 

Respiz:atory s~,.stem. 

Trachea. 

Lungs and fat. 

nervous system. 

Brain. 

Spinal cord • 

. 
Hair and hide. 

Offal fat. 

Omentum or caul. 

~at from intestines. 

Fat from stomach. 

Kldne~r fa.t. 

Lean and fat of head ar~d tail. 

Lean and fat of shin and shank. 

Lean of round. 

Fat of round. 

Lean and fat of ~~. 
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Lean of loin. 

Fat of loin. 

Lean and fat of chuck and neck. 
, " 

Lean and fat of flank and plate. 

Lean of rib. 

Fat of rib. 

Udder. 

It was not possible to adhere to the above outline with every animal, but 

• 

any change made will appear in the following tables of analyses. 
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TABLE I. 

COMPOSITION OF CUTS AND ORGANS OF STEER NO. 592. 

• • • • 
La.b. No.: Samples. 

• • 
: 9151 .. • 
: 9158 
• • 
: 9154 
• • 
: 9155 
· • 
: 9156 
• · 

• • 
: Blood 

: F..air and hide 
• · 
~ Circulatory system 
-• • 
: Respiratory system 
• • 
: .Nervous system 
• .. 

: Per cent : Per cent 
: Moisture.: Ash. 
• • 
: 83.68 
• • 
: 61.06 
• · : 77.41 
· · : 79.11 
• • 
: 76.21 
• • 

.. 
• 
• · 
• • 

· · 
• • 
• · · · 
• • 
• · 

0.800 

1.178 

0.923 

1.162 

1.407 

: 9157 : Digesti va and excret- : ·82.89 : 0.863 
• • · . · . /-: ' 9152 
• • 
: 9179 
• • 

• • 

9178 . 

: 9169 
• • 
: 9170 
• • 
: 9175 
• • 

• • 

9173 

: 9172 
• • 
: 9171 
• • 
: 9174 

: 9176 
• • 
: 9177 
• • 
: 9168 
• • 
• • 

: ory system : . 
· · : Liver 

: Kidney fat 
• • 
: Offal fat 
· • 
: Head and tail f. 
· • 
: Shin and shank 
: 
: Chuck and neck 
• • 
: Flank 
• • 
: Rump 
• • 
: Round 
· • 
: Loin · . • 
: Plate 
• • 
: Rib 
• • 
: Composite of leans 
: and fats. 

• • 
: 71.34 
• • 

.: 81.42 
• • 
: 81.60 
• • 

• • 

71.89 

: 76.37 
· • 
: 77.84 
• • 
: 75.35 
• • 

• • 

77.36 

: 77.25 · 
• • 
: 77.16 
• • 
: 75.10 
• · : 77.01 
• • 

• • 

76.37 

· • 
• • 

· · 
• • 

1.540 

: . 1.213 
· • 
• · 
• • 

· · 
• • 
• · · • 
• • 
• • 
• · 
• · 
• • 
• · 
• • 
• · 
• · 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

1.055 

1.071 

0.979 

1.040 

0.937 

1.089 

1 ~e"1o 

1.076 

0.996 

1.084 

1.045 

: ?er cent : Per cent 
:?hosphorus Fat. 
• • 

• • 
• · 
• · · · 
• • 

0.019 

0.039 

0.137 

: 0.159 
· · 
• • 
• · 
• • 
• · 
• • 

· · 
• · 
• · 
• • 
• · · . • 
• · 

0.323 

0.183 

0.333 

0.067 

0.109 

0.160 

0.164 

0.170 

: 0.130 
• • 
· · 
• • 
· · 
• • 
• • 
• • 
• · 
• • 
• • 

• • 
· · 

0.173 

0.184 

0.179 

0.146 

0.168 

0.174 

• • 
• · 
• · 

· · 
• · 
• · 

none 

0.49 

5.49 

5.56 

9.78 

: 3.61 
• • 

: 3.04 
· · : 4.59 

• • 
• · 

• · 

5.03 

8.69 

1.21 

1.52 

0.90 

: 3.04 

• • 

• . . 
• · 
• • 
• • 
• · 
• · 

2.01 

1.62 

3.06 

2.09 

1.87 

fIn all carcass cuts lean and fat were combined for analysis, if not other­
wise stated. 

· · 

• · 
• · 
• · 

• · 

· · 
· · 
· · 
· · 
• · 
• · · · 
• · 
• · 
• • 
• · 
• · 

• • 
• · 

· · 
• • 
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TABLE II. 

COMPOSITION OF CUTS AND ORGAnS OF STEER NO,. 595. 

: Per oent Per cent ?er cent : 
: Lab. No.: Samples. : Moisture.: Ash. 

Per cent 
Phosphorus: Fat. · · 

• • 
: 9251 
• • 
: 9258 
• • 
: 9254 
• • 
: 9255 
• • 
: 9256 
• · : 9257 
· • 
• · 
• • 

9252 

: 9269 
• • 

· · 
9281 

t 9270 

: 9282 
• · : 9,271 
• · 9283 

9272 

9274 

: 9273 
• • 
: 92S5 
• • 
: 9274 
• • 
:9286 
• • 
: 9275 

9287 

9277 
: 9ZCS 
: 9278 
: 9279 
: 9268 
: 9280 

• • 
: Blood 
• • 
: Hair and hide 
• • 
: Circulatory system 
• • 
: Respiratory system 
• • 
: Nervous system 
• • 
: Digestive and 
: ezcretory s;etc:l 
• • 
: Liver 
• • 
: Head and tail lean 
• • 
: Head and tail fat 
• • 
: Shin and shank lean 

: Shin and shank fat 
• • 
: Round lean 
• • 
: Round fat 

: Rump lean 

Rump fat 

: Fla~~ and plate lean 

Flank and plate fat 

: Loin lean 
• • 

Loin fat 

Chuck and neclc lean 

Chuck and neck fat 

Rib lean 
~ib ~at 
Offal fat 

: Kidney fat 
Le.an composite 
Fat composite 

• · : 80.63 
• · 
• · 
• · 

64.09 

63.68 

: 77.99 
• • 
: 67.21 . 
• • 
: 75.34 
· · 
• • 
: 70.85 
• · 
• • 

72.88 

: 49.89 

• · 

• · 
• • 

75.08 

52.45 

75 ~ 86 

40.07 

73.29 

26.40 

70.63 

36.94 

73.21 

27.65 

74.73 

41.67 

: 72.82 
: ' 25.96 

31.36 
26.88 
73.52 

: 36.79 

· · : 0.747 
· • 
: 1.422 
• · : 0.744 
• · : 1.013 

: 0.029 
· · : 0.061 
• • 
: 0.145 
• · 
: 0.179 

• . 

none 

1.47 

21.65 

4.05 

. . · 

· · 
• • 
• · 

• • • • • • • • 
; 1.492 0.361 18.60 
• • • • • • • • 
: 0.784 
• · .. ,. 
: 1.473 
• • 
: 0.961 

: 0.148 
• · · · 
: 0.319 

0.182 

10.92 

3.39 

7.33 

· · 
: 
• · · · 
· • · . . . · . . . 

: 0.587 ' 0.071 32.28 
· • 
: 0.997 
· · : 0.629 
• • 
: 1.044 
• • 

• · 
0.495 

: 1.050 
• • 
: Q.4l9 
• • 
: 0.983 
• · 
: 0.516 
• · 
• · 
· · 

1.003 

0.419 

: 0.998 
• • 

• • 

0.529 

: 0.996 
0.554 

: 0.319 
: 0.334 
: 0.997 
: 0.492 

· · ' 
: 0.187 
· · 
: 0.065 
· · 
• • 

0.203 

: 0.062 
· • 

• · 

0.205 

0.069 

: 0.180 
· • 

· · 
0.058 

0.199 

0.064 

: 0.187 

· · 
0.080 

0.191 
0.0~2 

0.050 
: 0.050 
: 0.196 
: 0.069 

• • 

3.00 

27.62 

2.41 

45.19 

5.60 

62.39 

8.34 

46.84 

5.48 

62.78 

4.21 

46.04 

5.67 
5R.l~ 

62.23 
09.56 
4.91 

48.54 

· · 
· · 

, . · 

• • 

• · · ' · · • 

· · 
· • 

• · 
• · 

• · 
• · 
• · 
• · · · 
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TABLE III. 

COMPOSITION OF CUTS AND O~GAXO OF STEER I,m . 597. 

· • Per cent · Per cent . Per cent . .?er cent · • · . . 
Tbb. 110. : Samples. Moisture. : Ash. ?hosphoru~ ~at. 

• · · • · · . 
· ~951 · .3:!.cod 80.60 • 0.339 O.02R . none · · · 

8958 · Hair and hide 61.60 0 .646 0.051 2.29 . · . 
• 8954 Circulatory system 51.37 0.764 0 .125 37.15 · · 8955 Respiratory system 74.75 0.956 0.162 6.16 · 

8956 Nervous system 71.26 1.726 0.417 13.20 
8957 · Digestive and 71.74 0 .672 0.122 15 .19' · · Exc retory system · · · 
8952 Liver 70.30 1.376 0.332 2.7 0 
8980 Kld.ne~r fat • 7.50 0.115 0 . 014 90 . 22 oJ • 
8979 · Offal fat 17.97 0.4G2 0 . 032 77. 88 · 
8970 l:ead and tail lean 70.97 0.859 0 .164 8 . 98 

· 8982 · Head and tail fat 35.69 0.435 0.061 49 . 97 · · 
• 8971 Shin and shan..k lean 73 .48' 0.881 0 .170 4.07 • 

· 8983 Shin and shanl{ fa.t 40.19 0.326 0 . 046 44 . 31 · 8972 Round lean 74. 32 0.956 0.193 3 . 69 

· 8984 Round fat 26.64 0 .285 0 . 052 65 . 61 • 

· 8973 Rump lean 70.77 0 . 919 0 .185 ("I 1(' · u . ,) 

· 8985 Rump fat 18.18 0 .223 0 . 040 74.18 · 
8974 Flank lean 67. 08 0.907 ('\ IN,. 

U . ( 0 11. 7.5 
8986 Flank fat 22.24 0 . 215 9. 031 fOe "0 0 ....... . :::.., 

· 8977 I'late lean 63.90 0 .762 0 .148 I G.18 · 8989 .Pl ate fa t 24 . 90 0 . 253 0 . 038 66.17 
· 8975 Loin lean 71. 64 0 . 945 C .1'83 ,... °4 · D. J 

8987 Loin f at 18 .96 0 . 250 0 . 04.-4 7 ~ . 7 ~~ 
8976 Chucl{ alJ.(~ neck lean 73. 07 o R~fO • , .1) 0 0.171 r r () J . u .... 

8988 Chuck and neck fat 29 .46 0 .315 0 . 055 50 '12 
_. ' • I 

8978 Rib lean 69 . 01 0 . 8G2 0 .lG4 1'" 2" \..) . i') 

8990 ~ ib fat 21 . 86 0 . 2GG 0 . 051 ".., r, 10 
I v . ..I 

8969 Le ~.n composi te 71.29 r\ ' Q28 0 .178 C. 54 . v . ~ . 
89 81 ?at c Or.'1D O sitE? : 25 . 49 0 .292 0 . 040 1'- (-.., Of .... 

Q :.... . ,.) ~ ._--
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TABIE IV. 

COMPOSITION OF CUTS ~ID OR~~S OF STEER NO. 594. 

• • • • : Per cent Per cent : Per cent : 
: Lab. Ho.: Sa.mples. : Moisture.: Ash. : .?hosphorus. : 
• • 
: 6232 
• • 
: 8235 
• · : 8240 
• · : 8221 
• • 

8233 

: 8244 
• · : 8245 

: .·' 8288 

• · Blood 

: Hair and hide 

79.34 0.318 

: . 64.38 0.965 

Circulatory, respira-:: 65.74 0.863 
: "tor;y & nervous syste'lIlS: 
: Digestive &; exc'retory 71.70 .: 0.932 
: systeMs 
: Ii ve'r 68.82 1.340 

: Kidney fat 
• • 
: Offal fat 

: Shin, shank, head, 
tail lean 

• · 
• · 

5.48 

: 10.96 

73.64 

· · : 0.072 
· · 0.170 

0.916 

8289 Shin, shank, head : 41.91 0.445 
: : tnil fat 
: 3290 : Round lean 
• • 
: 8297 

: 8291 

: 8298 

8292 

: 6299 

8293 

: 82100 
• • 
: 8294 

: 82101 

: 8295 
• • 
: 82102 
• • 8296 
: 82103 

8242 
: 8243 

· · 
• • 

Round fat 

: Rump lean 
• • 
: Rump fat 

: Loin lean 
• · 
: Loin fat 
• · 

• · 

• · 

:?lan...1t: lean 

Flank: fat 

Plate lean 

Plate fa.t 

: Rib lean 

: Rib fat 
Chuck and neci: lean 
Chuck and necl{ fat 
Lean composite 
Fat composite 

• · 
: 72.64 
· · 
· • 

20.75 

: 71.22 
• · 

· · 

13.52 

70.22 

• · 
: 1.024 

· • 

• • 

0.243 

1.023 

: O.lSl 
· · . 

· • 

0.986 

13.41: 0.168 

: 65.64 

· · · · 

19.57 

,.,.. 09 
ODe 

: 22.99 

68.90 

14.27 
72.95 · 
23.29' 
71.31 

: 20.05 

· · 

· · 

0.905 

0.151 

: 0.861 

0.268 

: 0.856 . . 
0.202 
0.916 
0.269 
0.985 
0.231 

: . 

· · 

· · 
• • 

• · 
• · · · 

• • 

• • 

" . ," 

0.055 

0.072 

0.181 

0.193 

0.347 

0.020 

0.034 

0.lS2 

0.077 

0.207 

0.043 

0.212 

0.036 

0.191 

0.031 

0.176 

0.025 

0.170 

0.044 

0.171 

) 0 '7h: . • uD 

O.17G 
0.046 
0.193 
0.044 

· · 

• · 

· · 

• . 

?er cent 
J'nt. 

none 

3.62 

18.92 

12.27 

5.27 

93.16 

85.87 

4.94 

44.84 

5.34 

71.01 

7.23 

82.36 

,.., "'0 u • .) 

S2.t1-7 

13.71 

15.47 

69.75 

10 r-'Z . • ~h,/ 

70 <"'Ie::: 
• r':';) 

G.88 
72.90 

· · 

· · 

• · 

: 

. · 
.. ,. 
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'l'ABLE v. 

COMPOS I TION OP CUT~ · AITD OP'GX:~S Oli' S~:SR :~O . 18 . 

· • Per cent • :'er cent :?e r Cent • ?e r cent · · • · 
• Lab. :;0. : Samples. · 1~oi s ture. : Ash . PhosEhorus : Fat. · · 
• • 

71156. • Blood 81.29 0 . 688 0 . 022 · none · · 

· 71157 Hai r and hi de 65. 36 0 . 868 0 . 068 2. 88 · 
71167 Ci rcula to ry system 56.50 0 .751 · 0 .123 30 . 07 · 

• · • · 
71168 Respiratory system 74.71 0 . 959 0 .151 G. 46 

· .. 
71161 Nervous sv·stem · 68. 83 · 1. 757 0. 422 17 . 62 ... • · · · · · · · · · · 711 66 • Digestive and excret- 66.51 1. G24 · 0 .129 · 18.13 . · · · · . 

tory system · • 
• 71189 I{idne ~;"s · 75.05 1.085 0 . 211 8 .74 · · 

• · 711 62 Liver 68 .99 1.253 0.311 3 . 47 

71190 Kidne y fat • 10 . 04 . 0 . 120 0 . 021 86. 96 · 
· 71165 Offal fat 16. 62 0 .172 0 . 027 · 79 .72 .. · 

71180 Shin, shanlc, head 67.43 0. 771 0.145 11. 99 
and t a il 

71181 Round and rump 86. 50 0. 083 0 .172 13 . 26 

· · · · 
71182 Loin 59.90 0 .738 0 .157 21. 72 

71183 Flank and pl ate 52.51 0 . 649 0.124 30 .10 

71184 Rib 62 .79 · 0 . 821 0 .161 18 . 04 · 
· · · · · . 
· · · . · · . 

71185 : Chuck ana neck 66 .48 • 0 . 81S o .l L)4 l LL 07 · 
711 59 • Skeleton 29 .31 24. 594 2.796 25 . 48 · 
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TABLE VI. 

CO!vlPOSITION OF CUTS MID ORGANS OF STEER NO. 121. 

• • Per cent • Per cent Per cent · '?er cent • · · · Lab. r~o. : Samples. · Moisture.: Ash. Phosnhorns: i ' t · l,a • 
# 

• · · · 
• 71250 • Blood • 77.97 0.248 0.028 none • • • · · · • 

71262 Hair and hide 54.42 0.758 0.056 4.97 
· · • · · · 
• 712f>4 · Heart lean 77.38 1.000 · 0.211 4.39 • · · · · "-
• · · 71255 Circulatory system • 27.42 0.205 0.039 65.27 · · 

less heart · · · · · · 
71256 Respiratory system 63.96 · 0.808 • 0.170 19.69 · · · · · · · · 
71257 • Nervous system · 68.36 1.562 0.395 . IS.50 · · · · 71258 Digesti ve & excretory • 55.54 • 0.633 0.126 31.73 · · · system less stomach, · · : · · · 

tongue , liver & Kid- · · 
• neys · · 71274 Stomach • 78.26 0.971 0.200 8 .21 · · · · 

71253 · Tongue edible 60.40 0.642 0.132 25.27 .. · · · 71251 · Liver 68.36 1.312 · 0.353 · 4.72 · · - · 
• . 
• 712GO • Eidne ys 76.58 0 . 950 • 0.229 . 5 . 56 · · · 

71261 Kidney fat 4.48 · 0 . 070 0 . 012 94 . 67 · 
71259 • Offal fat 9.52 0.129 0.022 88 . 82 · 
71265 Shin, shank , head and I"r:30 0 ",. 0.733 0.142 I n 10 ....... . '-) · · · tail • 

71273 Chuck and neck 59.14 0.702 0 .142 24 . 43 

71266 Round and rump lean 69.9 6 0.957 0 .191 8 .10 

71267 • Roun(l and rumlJ f at 14 .41 0.153 0.020 80 . 61 · · · · . · · · 
71268 · Loin lean 67.22 0.943 0 .185 11. 40 · 

• · · 71269 :. Loin fat 9.08 0.133 0 . 024 87. 84 · 
• · · • 

71270 Fl aM a!'ld plate . 40 .07 0.500 · 0 .095 47 .70 · 
• 71271 Rib le an 60 .98 0.777 0 .1 53 20.07 · · • 

71272 Rib f at 10 . 68 0.135 0 .027 8G . 04 . . . 
• • · • -
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TABLE VII. 

COMPOSITION OF CUTS AND ORGANS OF STEER }70. 48. 

· • 
: Lab. No.: 
• • • • 

Samples. 

: 91101 : Blood 
• • 
• • 
• · 

91122 
• • 

• • 

Hair and hide 

: 91105 : Heart marketable 
• • • · : 91104 Circulatory system 
: : less heart 
• • 
: 91106 

: 91107 
• · 
· • 

Respiratory system 

Uervous system 

: Percent : Per cent : 
.: Moisture.: Ash. 

: ~) 79.41 

• · 

• · 
• · 

59.24 

65.83 

10.07 

49.42 

69.63 

· · : 0.775 
• · · · 

• . . 
· · · · 

0.835 

0.145 

0.669-

1.813 

· · 
· · 

· · · • 

· · 

: 91108 Dieestive & excretory: 64.16 0.697 
: system less tongue, : 
: : stomach f, ; kid.ne:,r & 
: : liver 

911~O Stomach 
· · : 91109 

· · : 91102 

· • 

• · 
91111 

: 91134 
• • 
: 91135 

· • 

· · 
• • 

Tongue edible 

Liver 

!(idne ~l's 

Kidney fat 

Offal fat 

91120 Shin, shank, head 
: : and tail 

• • 

· · " 

91121 

91122 

91122 

: 91124 
• · 91125 

91126 

: 91127 

• • 

91128 

• · 

· · 
· • 

Chuck and nec~( 

?lan:t and plate 

Rump 

'Round lean 

70und fat 

Loin 1e:ln 
• 

I,oin fat 

Rib le'an 

"91129 : Rib fat 

: 74.75 

". · 
• • 

5G.02 

69.73 

: 70.75 

· · 3.76 

57.84 

49.67 

30.15 

36.91 

: 64.43 

27.75 

61 .• 78 

12 .60 

56.8 6 

15. 81 

. . 
1.073 

: 0.743 

: ' 1.392 

1.154 

0.126 

: 0.093 

. . 
0.829 

0.693 

0.421 

0.509 

0.251 

0.956 

: 0.146-

0.627 

0.155 

· • 

· · 

?er cent ' : Per cent 
Phosphorus.: ~at. 

0.021 

0.048 

0.158 

0.026 

0.117 

0.425 

·0.128 ' 

0.227 

0.126 

0.307 

0.199 

0.016 

0 .012 , 

0.142 

0.123 

O.OG4 

0 . 093 

0 .192 

0.027 

0.174 

0.023 

0.15C 

0.021 

. . 

. . 

none 

8.60 

19.45 

88 .45 

37.39 

13.05 

22.41 

11.94 

29.50 

4.26 

12.16 

94.71 

0 "" 09 .I .... . 

23.47 

34.95 

61.11 

52.67 

13.42 

~ !"1 '7.5 
\..) f • t. .' c... 

I n r,t: 
\.. J • ('....,,0 

04.76 

24.74 

. . 

. . . . 

:. 

" . • 
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TABLE VII I. 

COM?O S I TIor OF CU T A_m OR GA}~S OF CO ~t m. 43 • . 

• Per cent • Per cent: Pe r cent · Per cent • · · 
• Lab. No. : Saln]21es. • 1 .0 is ture • : Ash . · ?hosEhorus . : ~at. • • · 

• • 

· 91051 · Blood SO.40 • 0.742 · 0.030 · · · · · · 
91057 -fa ir and h i de · 63.30 1. 252 0 . 072 4. 27 • 
91054 Circul a tory system ' 47.45 0 .505 0 .103 46 . 74 
91055 espiratory sys tem 71. S6 0 . 902 0 .164 12. S4 
91056 ... Tervous · system 72.72 1 . 441 0. 354 13 . 48 

• 91053 Digesti ve and excret-: 76. 66· 0 . 736 · 0 .140 · 10 . 80 • · . . 
• or y system. 0 · • 
o . 91052 Li ver 72 .17 1. 341 · 0 . 339 2 . 21 · · 91089 Kid.neW . 6.14 · 0 . 095 0 . 016 94 . 29 · . 
o . 91058 • Offal fat 11.63 0 0 . 074 0 . 020 88 . 20 0 · · 

91068 3ead and t a il lean 68 . S1 0 . 889 0 . 16.9 13 . 41 
91078 Head and tai l fat . 27 . 64 0 . 345 ' " ...... 44 ... - ~4 .. v . v u v . ", 

91069 ·~h in and shank lean 72 . 44 1 . 067 0 . 196 5 . 65 
: 91079 ~hin and shank fat 53 . 49 0 . 618 0 . 061 'Z5 . 27 

/1" • 

! ' 91070 Round l ean 7"' . 20 1. 026 0 . 195 6. 92 
91080 Round fa t 30 . 25 0 .406 0 . 059 65 . 23 
91071 Rump lean .. 67 . 67 ' · 0 . 955 0 . 185 12.71 . . '. 
91081 Rump fat ~4.02 .225 ('0 0"'5 ". 7(', "i4 ..t . .... 

1072 l oin l ean 71. 11 0 .959 0 .186 12 . 27 
91082 Loi n f a t 16 . 40 0 . 189 . . 0 . 029 P2 . 97 . 
91073 Ch ~ck and neck 1e?n 67 . 37 0 . 968 0 . 184 12. 3'7.' 
910 3 Chuck anc neck fat 19 . 96 0 . 2'47 0 . 039 -; 78 . 00 . 
91074 Fl ank lean 67. 37 · 1 . 016 0 . 188 17 . 52 · 
91084 l ank f a t 26 . 04 0 . 289 0 . 029 70 . 87 0 . 
91075 Pl a te l e an 6"' . 27 0 . 888 0.lG5 18 . 80 
91085 Pl a te fa t 23 . 00 0 . 250 0 . ·041 7° ,,~ ..., • t...,1J 

91076 Ri b le an G5 . 45 ~ 0 . 907 0 . 173 17. 87 
i ' 91086 "!i ib f a t 22 . 86 0 . 317 0 . 044 7R. 45 

91077 Compos ite of leans 69 . 86 . 0 . 966 0 . 186 12 . 71 · 
91087 Composite of fats 19 . 5C J . 2·17 o. OM 78 . 7: 
91088 Udde r G9 . 37 0 . 805 0 .138 17 . 19 
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TABLE IX. 

Summary-,-Phosphorus ,Calculated to Water and Fat Free 

: 

• • 
• • 

No. of Animal. 

; Condition 
• • 
: Blood 
• • 
: Hair and hide 
• • 
: Circulatory system 
• • 
: Respiratory system 
: .,.--'~ 

: / Na'rvous system 
'. . . 
: Digestive and excre­
: tory system 
: liver ' 
• • 
: Kidney fat 
• • 
: Offal fat 
• · : Shin, shank, head 
: and tail 
: Round 
• • 
: lrump 
• • 

• • 

• • 

Loin 

1'1an-1t and pIn te 

: Rib 
• • 
: Chuck and neck 
• • 
: Composite of leans 
: and fats 

• • 

• • 

Condition, per cents. 

, . . . 
:-Mo is ture : 

& : 

595 
• 

" 

:Moisture: 
• • & · · 

597 
• • 

: I~oi8ture : 
& 

: FAABh. :Fat Free: Fresh. :Fat Free: Fresh. ' : '?at Free: 
• • 
I 0.019 : 0.116 

• • 

• • • · . .. 
0.029 
. -

• '. • • 
0.149: 0.025 

· · 0.039 : 0.101 0.061 0.177 0.051 
• • 
: 0.137 

• · 0.801 

: 0.159 : 1.037 

• .' 
, . · 

0.145 
· • 

0.988 
• · 

Q.125 

0.179 : 0.996: 0.162 
• • • • • • • • • • 

· • 

• • 

0.323 : 2.305: 0.361 2.544 0.417 

0.183 

0.33,3 

· • · • 
: 1.356 0.148 
• • • • 
: 1.299: 0.319 
· • • '. 

• • 
: ' 1.077 0.122 
• • • • 
: 1.238; 0.332 
· · 

• • 

· " 

• · 0.129: 

0.141, 

1.088 

0.849 : 

2.683 

0.933 
· · 

1.229: 

: 0.067 0.479: 0.050 1.445 -: 0.014 ': 0.614 
• • • • · • • • 

: 0.109 : 0.815 0.050 :' 0.780: 0.032 
• • 

• • 

· • · , . 
0.163 : 0.762: 0.175' 0~882 0.145 

0.184 
· . . . • • • • 

• • 

0.887 
• • 

0.192 

· • 

0.905 0'.171 

:. 0.173 0.882: 0.178 : 0.927 0.141 

• • 

• • 
· .. 

· • 

· • 

· • · · 0.179 : 0.844: 0.185 

0.142 

0.168 

• · 0.637 
· • 

· • 

0.162 
. 

0.804 : ' 0.189 
• · 

: 

• • 

· · 

0.917 

0.796 

-. · ' 

· • 
0.883 : ,. '. 

0.145 

0.114 

0.148 

0.170 : 0.824: 0.181 f 0.881: 0.152 

0.174 
'. • 

· • 

· · 
0.799 

• • 
0.185 

· · 0.87-7 ' : 
• • 

0.151 

• · · · : 0.771: 

· · 

· • 
0.708 : 

: 0.846: 

· · , 

· • 
, . 

0.827 

0.791 

0.690 

• • 

0.782 : 

0 .R19 
• . 
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121 
, 1 

48 
· · 

43 
• • :Moisture: 

· • , & • • 

:1ioisture: 
: & : 

: l:~oisture : 
: & 

:!':oistu re: 
: & : 

: J\~,ois: 

: tureci 
: Fresh.: Fat Free: Fresh :Fat Free: Fresh :Fat Free: Fresh :Fat Free: Fresh :F.Free 
• • 
: 0.055 
· • 

• • • • 

• • 

: . • • : 
0.266 : 0.022: 0.117: 0.028 

• • · • • • 

· • • • 
0.127 : 0.·021 

• '. · · 
· · 0.102 0. 030 :0.153 
· · : 0.072 0.225 : 0.068 0.214 : 0.056 0.137 : 0.048: 0.149 0.072 :0.222 

• • • • 
j ) 
) l 
~ 0.181 ) 
) ) 
) ) 

: 0.193 
• • 
: U.347 
• · 

· • 

· • 

1.181 

· . · . 
: 0.123 
• • · . 
: 0.151 : 
• • • • 
: 0.422: 

• . . 
1.204 0.131 

· · 

· . • • 
0.916 : 0.103 : 

· . • • 
0.802 : 0.170 : 

· . • • 
3 •. 114 : 0.395 

0.851 : 0.162 

· . · . 
0.906 : 0.076 

• · 
1.039 : 0.117 : 

· • 
3. 253 0.425: 

1.131 0.175 
· · 

1.339 0.311: 1.129 0.353: 1.316 0 .307 
• · • · · · 

1~756 0.103 :1.772 
· . · . 

0. 887 0.164 :1.071 
· • 

2.453 : 0. 354 :2.565 

· · 0.953 0.140 :1.115 
• · 1.179 0. 339 :1.323 

• · : O~ O~O: 1.470: 0.021 0.700 0.012: 1.206 0.016: 1.045: 0.016 :-----
• • 

· • 

0 .034 
· • 

• , . · · 
1.672 0.027: 0.737 0 .022 

· • · • 

• · 
· • 

: 0.164: 1.BI8: 0.14~ : 0.705: 0.142 
• • 

• • 

0.191 : 

: 0.143 
• 

, . • · 

· . · . 
0.922 ) ) 

) 0.172 ) 
0.958 } ) 

· · 

· • 
) 

0.850 : ) 
) 

· . · ) 
0.155 ) 

) 
.. · 

· · 0 • .8 94 0. 012 

· • 
0 .727 0:142 

· • 
0.146 : 

0. 859 · · : 0.093 : 
· · · · 

0.710 : 0.020 :-----
• · · · 0.759 : 0.17 6 :0. 899 

0. 842 : 0.182 
• • 

0. 892 : 0.126 

:0 . 983 

:1.176 

· · 
: 0.158: 0.883: 0.157: 0.854: 0.124 0.857 : 0.098: 0.872: 0.141 :1~168 

• • 

0.125 
• · 

· • 
0.798 : 0.124 

• · • • 

• • 
0.713 0.095 0.776 0.064 

: 0.149 0. 821 0.161: 0.840: 0 .120: 0. 839: 0.082 
• • • • · · 
: 0.163: 0.964: 0 .154 
• • 
: ·0.167 

• • 

• • • • 

0.869 : 

· · · · 
0.7 92 0.142: 0 . 864 0~123 

.. ~--- : 
· · ----- . · 

0.732 0.125 :1.018 
· · 

0. 804 : 0.149 :1.112 

0 .7 99 0 .158 :0.923 

0 .153 :1.085 
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s.ummary. 

In Table IX the phosphorus content for- · all samples has been calculated 

to a moisture and fat-free condition. The results for the young animals, 592, 

595, 597 and 594, are quite uniform among themselves, but this is not so strik-

ing for the other four mature animals. 

The largest amount of phosphorus was found in the circulatory systems' 

and the nervous systems. Two of the mature animals, a cow (43) and a steer 

.. ----

(48), show abnormally high results in the circulatory systems. Two animals 

18--whlch was 3.5 years' old and very thin--and l2l,--which was also 3.5 years 

old but fairly fat--oontain more · phosphorus in the nervous systems than t he 

other animal·s. ·' The Jersey cow, which was the oldest animal exrunined, shov;ed 

the highest average amount of phosphorus. 

So far as the phosphorus in the flesh of the cuts is c011cerned. it is 

impossible .to draw ~r final conclusion with the amount 'of data available. 

Steer 594, young. fat. and in a very thrifty condition contained more phos-

phorus--moisture and fat-free basis--than steers 18. 121 and 48. three mature 

steers. It was a1eo superior in this respect to 592, 595 and 597 which were 

young but not in so thrifty a condition. The matnre ~ coVl however showed in 

the flesh outs a higher phosphorus content than any of t he other animals dis-
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oussed. This can hardly be attributed to condition, because 121 was fully as 

fat, and 48 much fatter. ~~ether it was due to age is a little doubtful, as she 

was only two years older than 48. We are more inclined to think tbat the breed 

or the high phosphorus diet (bran etc.), previous to the fattening period may 

have been influential. 

The wholesale cuts of the seven steers show an increasing amount of phos-

phorus, compared on the moisture and fat free basi,s, in the following order: 

Flank and plate; shin, shank, head and tail; rib; chuck and neck; loin; round; 

rump. In other words, those cuts thin in character and which have the larc:est 

amount of connective tissue contain the smallest amount of phosphorus. 

It is remarkable that the very thin steer 592, while comparatively low 

in phosphorus, showed a higher percentage of ash in every cut than any of t he 

other animals. steer 595, also t11in, contained somewhat less but still higher 

than the other remaining anirauls. s teer 121 well fed and in excellent condition, 

gave oomparatively low results in ash. It is to be noted that there seems to be 

no relation between the phosphorus aud the ush; an explanation of which cannot 

be attempted until the anal~rses of the various samples of ash are completed. 


